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D:+4ficult Vocabulary and- Text comprehension

Abstract

Twe X221 H1ts assessed the effi==t of vocabmiary dit¥icu::y on three
mesvrEs - g=et comprehension--—ree recall, surmary rozz:i, and.sentence
reccgni—io, in Experiment 1 the effects of differinc sroportions of
rarz-wc-: ‘:wustitutions were examined. It was founc ‘ha:z a high rate of
cificti:  ,cabulary {l substance word in 3) was rec: irec before reliable

e~

siffizts rm .:omprehension were evident. |n the secund experiment,

di fficu. : vocabuiarijés placed in important.text =lements in one form
077 tve pasimges, and in unimportant elements in.snother. These were

corcraste: «ith easy vocabulary forms\ip théir:e‘fects on the three

a

ccmprehens -on measures. Only on the summary measure was there an overall
g ki

i

I

effect for difficult vocabulary in import nt .elements. The results are

'

siscussec im terms of the salience of the siig=ling value of unfamiliar

wards.
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Ef==c:s of Differinc Proportions and locaticass of

JiTficult Vocabulzry on Text pbmprehens?:r
/ :

The expe=*me--:- reported here examine the role of vocabulary diff —
culpy in reacing :qurehens{on. Correlational studies have con§istent7x
found that vocabulzy knowledge is strongly related tc both general
verbal ability and'readiné comprehension (e.g., Davis, 1944, 1968;
Thorndike, 1973). Thorndike, for instance, collected data from over
100,000 students '~ three age groups from 15 countries and fouﬁd median

correlations be een vocabulary knowledge and reading comprehension o+

concluded that ~=ading performance_is I'.c_omplete!y . . . determined by word

knowledge“ (19725, p. 62).

Analyses of readability (e:g., Bormuth, 1966; Coleman, 1971; Klare,

- 1974-75) haveealsd demonstrated the pre-eminent relationship of word
knowledge to comprehension measures. In the Dale-Chall (Dale & Chall,
1948) readabijity formula, for example, the-weighting of the word |
difficulty factor is about fourztimes greatef than that of any other
}ndek.

Findings from experimenta] studies on the relationship between

'yocabulgry and text.comprehehsion, however, have been eﬁuivoca].

Wittrock and his colleagues iMarks, Doctorow, & Wittrock, 1974; Wittrock, °

Marks, & Doctorow, 1975) found that on multiple choice tests of

H

comprehension, the performance of sixth grade students was lowered

v

S
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when about 15% of the substance words in a‘**"age were replaced by rare
synonyme. This effect was consistent acros= -assages above, ==low, and
equal to the reading level of the students. The authors conclided that
‘know1edge of jndividual‘wprd meanings ‘is vizzlly involved in the compre-
hens]on'pfocess.

There are studies, however, which havs Failed to establish this
direct relatlonshlp becween vocabu]ary di“<izulty and comprehension.
Tuinman and Brady (1974) pretested fourtt-, fifth-, and sixth-grade students
on grade appropriate materials chosen frcm the comprehension subtests of

the California Achievement Test, and on = subset of theidifficult words

in the passages. .They then trained the students on these using a range
of self-paced exercises (definitione, examples, use in context, etc.)
and posttested both vocabulary and comprehension with the same materials.
Tuinmantand Brady found that the instructional program resulted in an
increase in students' performance on the vocabulary test by an average
of about 20%. For the comprehension measure, however, pre- and post-
test means were almost identical. These were about 60% for both tests,
so the effect was notrdue fo a ceiling on performance.
Jenkins, Pany, and Schreck (1978) reported results c0mpat|ble to
these. They used a number of |nstruct|onal methods to increase the
-wvocabulary knowledge of flfth— and Slxth grade students. This increase
‘was significant, but there was no‘transfer to comprehension of discourse

‘containing the words taught. The group receiving instruction was able to
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PETTOTm No bet;erhon a cloze test or in free recai] than a control group
witg g=finitely did not know the words. | |

There are a number of possible explanations for the discrepancy be-
—ween the results reported above. Among the major candidetes are that
the passages differed in length and degree of word difficulty, and that
the differing dependent measurés led to different findings. Two other
hypotheses are examined here. Firsf, it may befthat the proportion of
substance words that were difficult vocabulary inlthe running prose
created difficulties. Jenkins et a]: did not specify the proportion of
substance words tnat were djfficult in their passages, wnereas Marks
et al. claimed that about 1 in 6 or 7 of the words in their passages
were difficuit, as indexed byhiow irequency. In the first experiment
reported here, comprehension of passeges containing only easy vocabulary
is compared with comprehension of passages with two levels of rare- |
werd substitution. The substitution rates are 1-in-6 and ]¥in-3 of
‘the substance words.

A second hypotheticai explanation for the discrepant experimental
findinés concerning vocabulary difficuify.and reading comprehension is
lthat in the passages used the difficult vocabulary appeared in propo-
sitions having differing levels of importance in the text. A proposition
‘. can deriveminportance from-a'number.of sources. A reader's.baquround
knowledge can cause particular propositions to be highlighted during

processing (Steffensen, Jogdeo, & Anderson, 1978); the.height of a
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proposition in ‘the ideational hierarchy of a text relates to its importance
(Meyer ¢€ McCohkie, 1973){ and ;uthoré can signai important items blatantly
(Rothkopf & Bisbicos, 1967). All of these sources of importance are
related to increased recall of highly important propositions (Johnson,
1970). |

It is hypothésiéed that difficult vocabuiary minimizes the proba-

:. bility that the propdsition containing that vocabulary will be comprehended.
It is further assumed that important propositions serve as ‘major con-
ceptualizations' (Schank & Abelson, 1977) and thus as aids to recall of
the ]ess‘important related propositions. Thus, the appea}ance of
-difficu]t vocabulary in important propqsitions should cause an ovgré]]
deéréase in performanée on free?feca]], summarization, and feCOgnition
tests of compkehenéidn! An equal p}oportiOn of difficult vocabulary
appearing in propositions judged to be trivial in the text shou]dvnot
lead to such decrements in performance. .The second experiment tests

this hypothesis.

Experimént 1

In this experiment, children completed three comprehehéiqn measures
on texts that were either written in generally high frequency vocabulary

or had 1 substance word in 6 or 1 in 3 changed to a rare synonym.

o

Method
Subjects. Participating in the study were 135 sixth-grade students

from a suburban districtffn'northern California. These students -comprised



Difficult Vocabulary and Text Comprehension

6

=

the entire sixth grade in two gchoo]% in predominantly lower-middle and
midd]e'claés areas. Of these 105 students, 79 completed all the experi-
mental tasks. Standardizéd stanine scores on.V6;abu]ary, reading
Eomprehension, spelling, language expression, and téta] language measures
were availabie for 72 of these 79. For tﬁe whole of the United States,
these stanine scores have é mean of 5.00 and a standard deviation of 2.00.
in this.samp]e, the means ranged from 5.14 to 5.50, and-the standard
deviations from 1.57 to 1.91.

Materials. Five passages were selected from the Scott-Foresman
Grade Six Social Studies text. The passages were 400-500 words long,
or were condensed to 'this length where necessafy. In addition, four
passages were written for the experiment; fhe;e were two familiar/un-
familiar-topic pairs. Each famij;ar/unfamiliér pair - was ideatica],in
sentence construction and in all but the substance words necessary to
change thé'topic. The five.Social Studies passages represented a ranée
of topics. Tluree were general descriptions about energy use, thé
environment, and sea ]jfé, respectively. ‘One was concerned with the
natural resources of Costa Rica, and fﬁé fifth with éhe governmental
History of Sweden. Of the four passages writteH for the study, the
two familiar topics were é visit.toAa supermarket, and a game of horse-
shoes; the uﬁfami]iar topics were a visit to Niugini sing-sing, and a

‘description of an Indian game called huta. These were of approximately

K

the same length and syntactic ahd lexical difficuity as the Scott-

Foresman passages.
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1t was decided on the basis of the findings of Marks, Doctorow,
and Wittrock (197“) that vocabulary difficulty would be examined in three
conditions; The ''easy'' condition comérised the high word-frequency fdrm
of the paésage; the ”mediuﬁ” condition entailed the.substitution of
approximately 1 substance word in 6 in the easy condition with a low-
frequency Qynonym; the ''difficult" condition entailed such substituthns
for 1 substance word.in 3. Tﬁese conditions were constructed in a .
mechanical way. The proportion of substance wordsljn the passages (.53)
was estimated from a 100-word sample from each passage (First énd last ‘
50 words). It was then determined how many substance words per ]ine
‘needed to be chanéed for the difficult condition. -Each line was then
scanned for subgtanée_words amenable to replacement.. Throuéh the use
of a thesaurus, the difficult versions of each passage were constructed
with rare words, the fréquency of which was checked.é posferiori.

All the substifutions-enfai]ed pairs of words that were fe]t,.by
intuition, to be'substantia]]y divergent in théir frequency of occurrence
fn normal Tanguage. A postériori"ana]ysis reQea]ed that the substituted
common wofds were gignificantly.higher in frequency than the rare sub-
st{tutions, as assessed By Standard Frequency Index values from Carroll,

" Davies, and Richman (]971); 'The mean fo; the common words was 62.19
Qgg = 8.i2), while the mean for the rare words was 41.07 (SD = 13.89);
A one-tailed t test indicated thgt this difference i% high]y signiffcant

(£_= 38.44; df =.592, é_< .01). Only two of the 593 pairs entai]edﬁ;

10

o
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freduency differeaces-that were in the wrong direction. The differences
were véry Smalf in these two.instapées.: \

The fami[iarity of the low-frequency words to the.sixth-grade
‘stUdents_was checked through the adminfstration of a vocabulary test
containing the words the subjéct Qas later tp read in the passages. The
format of this test has been‘suggested by Anderson and Freeﬁody.(1979}
and yields a reliab]é.estimate of word knowledge, corrected for respon;es
on the“basis of partial knowledge. Analysis indicated that subjects
had SOme.Lnowledge'bf Lh.h% of the rare substitutes (SD = 17.6).- The
subjects Qere“divided into three grouﬁs on the Basis of overall achieve-
ment test séorés. After correcfion, higher-ability students indicated

some knowledge of 53.7% of the words (SD = 13.1), midd]e-abilizy studenfs_

knew 42.9%. (SD = 15.0), and lower-ability students knew 31.7% (SD = 17.1).

This test probably predicts a liberal measure Qf xnowledge -.of word meaning,
" and theée percent.ages were felt to be adequate for the p@gposes of the
e*perh&ent. Tﬁoée low frequency wordslthat more than 75% of the subjeﬁts
knew Jere.identified for change, where possible, iﬁ the second -experiment.
it should be noted that the séudents"féhiliarity wifh thé‘high
frequéﬁcy words which Qere substituted was not checked. Thus, use of

‘the term ''easy' needs to be considered as contrasting with 'rare,'' rather

‘than as relating directly to the students' facility with the words. "

Design and procedures. ' The nine passages were arranged in three

3-order Latin squares. The passages were grouped in threes, and subjects
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were randomly assigned to the rows of the square, eachisubject reading
three stories, one in each vocabulary condition. Number of students per
row ranged from 7 to 10.

After reading each passage, subjects wefe asked to complete a number

of tasks. Immediately aftzr reading, they were presented with a multiple-

choice.vocabu]ary item not;re]ated to the passages. This acted simply -
as an interval fi]ler, to mfnimize rote recall of words-appearing late
in the passage. Subjects were then asked to free;recall the passage.
The instructions lndlcated that they should use the exact words that
were in the passage, or if they could not remember)theSe they were to

use their own words to express as many of the sdeas they cou]d remember .

from the,passage. These instructions were typed at the head of a blank

d

Ve o el

page. Having completed their'reca]]s, the subjects were asked, on the
. 4
following page, to write a 2 to 3:sentence summary of the main ideas in
the passage.
The sentence recognition task followed the summarization task.
fhese sentences were QeveIOped from a consideration of the important and

peripheral ideas in the passages. Four propositions judged to be important

and ‘six Judged to be unxmportant were expressed in sentences in which -

-
manipulated substance words were written ‘in a thlrd foym, dlfferent from

both the faml]:ar and the unfamiliar vocabu]ary conditlons. In addition,
three foil sentences were included. These were somewhat cut]andlsh and

included ideas that were not touched upon in the passage. Ha]f of" the

P~
o0
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iTportant’and-peripheral sentences were expressed in a form contrary to
that of the original. Thus, there were 2 true and 2 false important-idea
T_sentences and '3 true and 3 false per|pheral-|dea sentences, plus 3
false foils. - The subjucts were instructed to read each sentence care- .
fully and to dec1de whether or not the idea expressed in that ‘sentence
.was in the passage they.Just.read. They were then to check a yes» or
a ”no“’box.'v ' i

This ent|re procedure was repeated arter each passage It\was '

emphaSlZed that the students could read the passage more than once, but

rhavnng turned to the’ f|ller |tem, could not - look back at the passage

o« -

“The students were tested in thelr |ntact classroom’ groUps dur|ng
their reading periods. The purposes of the study were explained to them
K . R o . i o
at the outset of the vocabulary sessions. The-vocabulary sessions were

RN

' conducted about ‘a week before the comprehenslon tests. 'The stUdentS.
were as5|gned to a square in the deslgn at the point of the vocabulary
tests. They worked at their own rates, and ronsequently, there was’

some variation in completion times.

Scoring
Free recall. The problem-of the scoring of .recall protocols‘is partlyf
the problem of What unit of language is to'be used. In this study, a’

'l|beral deflnltlon of a propoSItlon was used ‘Iin the analysls of the
passages. Essentlally a pr0pos|t|on was st|pulated to. be a clause or

phrase Which expressed a separable idea. Such clauses or phrases mlght

s
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be temporal, spatial, or conditjonal nndifiers,~or.simply principal

clauses. Conjunctions joining.such units marked new propositions but

conjunctions joining aggregations subsumed under a pr0position dfd not.

In addition, in order to be considered a separate proposition, it had

to introduce information which is essentially new in the discourse.

Th|s newness requirement stipulates that when a clausal unit is appearing

for-a. second time solely for the purpose of modlflcat|0n or extension,

lt does not agaln constltute a separate pr0posut|0n.. Throughlthe use

of these criteria, it was hoped'that re]iability of scoring‘the_TOCation :

of the reca]]ed.prOposltion wou]d be enhanced On-the basis ofdthisf ﬂ

’ procedure, it was found that the nine storles containedﬁbetween?37.and’ . f "

51. propOSItlons,'with a mean of 43. 56 (SD = 3.21). | |
Separate scores for each student were taken, on the free recall o ) ';ﬂr

measure, of Verbatlm and paraphrased recall .and compatuble and |ncompat|b]e

»

intrusions. Verbatlm and paraphrased pr0p05|t|ons and compatlb]e,ln-
|

" trusions -were comblned to produce the free recall scores’ used in thej

;analysfs.r Compatib]e intrusions include summary statements,fe]abora-vf

tions pased on”prfor knowledge, or»unconnected fragmentshof_propositions.
,:Nith these”categories,‘two:independent raters scored 84 protocols, ~

.which were the.performance of the first~33 stucants tested (some“

studehts'did not_conp]ete ail three passages). Agreement ratings were

then determined. The agreehent rate for the three total scores (Verbat'im,j

paraphrase, intrusfon) of'each subject on a passage was .96 (279/292) .

Y

_14
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&oints of disagreement were then ‘examined and resolved in order to
establish scoring poifC§es.ﬁ
| Summaries. The criter}a for scoring summaries were developed
T_Fempirically. Easy‘versions of the passages were given to .five adu]ts.
They were asked to read each passage carefully and then to write.a brief
(i.e., 3-h sentence) summary immediately after reading. The students'
summaries were scored on the basns of the|r inclusion of those propos|t|ons
mhlch appeared consnstently in the. adult summarmes. No account was |
vtaken of - the re]atlve standlng of these proposntlons "~ One point:mas
g|ven to the student |f one, of these propos1t|ons, or an acceptable.
'paraphrase, was |ncluded in the summary Due to the fact that sllghtly
dlfferent numbers ‘of propos|t|ons appeared regu]arly in the adult :
summarles for dlfferent storues,.a proport|onal score .was awarded and
:ifor the flna] analysns, the arcs|ne of this proportlon was taken as the

cr'ter|on measure.

Sentence recogn|t|0n Students were glven a pount if they correctly

‘conflrmed a: true statenent or reJected a false one. No ponnts weren
aWarded'for the correct rejection:of'the three dummy i tems in each

¢ exercise, nor was- any correction made for guessfng'or ''ves''-proneness,
lsince:equal.numbers of ”yes“ and.''n oh reSponses Were required and
»every subJect responded to a]l |tems in a forced-choice mode. Thus,

each student was awarded a raw score out of 6 for recogn|Z|ng truvual

proposntton ‘and out of L for- |mportant propositions for each passage.

15
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Multiple regression analysis was used to partiticn the variance in-
- - l N

thisiexperiment. The'between-subjects variance was analyzed by the
' regression of the between subjects factors on the mean scores for each
'xmeasure. Within-subjects effects were analyzed in a separate regression
;m}th hierarchical inclusion of the Variab]es proceeding in the following
order: main effects'for withfn-subjects effects, within-subjects inter-
aotions of interest’ between-subjects main effects and_ fnteractions,
be tween- by-wnthln subJects lnteractlons of |nterest fo]]owung the procedure :
| outllned by Cohen &nd’ Cohen (1975) A]! two-way anteractlons and on]y
Lhose three way |nteract|ons contalnlng comblnatlons .of generallzab]e
faptors wé re rnc]uded. Vargance attrlbutab]e to nnteractlons of no.

v

'genera] interest Was-re]egated to'the erroreterm. fFor thrs experlment;

it was deC|ded to code the passage factor and |nc]ude some of |ts o

|nteractlons ln the ana]ysus. Others of these were reIegated to the

<

resudua] term. Passage and- group were - represented by dummy codes. More

’”

de ailed rationale for th|s genera] form of anaIysls is provided by

Cohen and Cohen (]975), chapter 10. The crbtlca] va]ues of £_were .
'; atta|ned with conserVative degrees ‘of freedom. ln both experiments,
the degrees.of freedom of . the denomlnator will be based 0n the assumptlon,

‘that the w\thln subJect measures ‘are not 1ndependent. That is; the .

" dénominatorffor cr|t|ca] Va]ues of F will be n, ra(her than the d|V|sor -

€ ~

of the residua] term.,

Fal
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Results and Discussion

| Table 1 contains the summarized results of this experiment. The
means and;regression weights for the twoneffects of interest, ability,
ahd vocaoUIary difficulty, are presented in Table 2. It can be seen
that thevincidenta] desjgnj$actors‘(square anderW or group) were not
associated with signiftcant effects on any of the\measures. Strong
aijity((as assessed by total ]anguage stanine scores) dlfferences were

eV|dent, and in the predlctab]e d|rect|on These are reported as

regreSS|on weights, since the varlable is contlnuous The ‘wei.ght for

recall), for |nstance, ind.cates that for every unlt increase in stanlne

" score an lncrease of 1.24 proposutlons is predlcted_ln'the recall proto-

.

o

. CO] . . 7 . . i . . : ‘ f:‘ \

'of major interest in this initial study is the_mainteffect'for

P

"vocabulary difficulty on measures of retentioh._ This variable had a

1

_statistically significant effect on only one measdre; theytotal recog-

nition .score. On two of the other méasures, the total recall score and

the main-idea recoghition score, the amount of variance accounted for

:tendedﬁtowardﬂsignificance (both E_yalues < 110). From the table of

means it can be seen that the means are in the predicted directicm for

“each of the retention measures.

A number of factors may have detracted from the c]arity of the

‘effect for vocabu]ary dlfficu]ty on the measures. " First, the efrects
1

El

i

17
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of the medium-difficulty condition (i.e., 1 subs: ord in 6 replaced

t

by a-low—frequency synonym) were erratic., The me ‘or each passage

in each vocabulary condition are presented in Table 3. It can be noted
that for all passages but one, the means associated with easy vocabulary
condition were higher than those for difficult vocabulary. The exception
entails only a small difference. However, itvis clear that the medium
vocabulary cond|t|on is assocuated with a var|ety of effects.

The ‘inconsistent effects of a*rare-word substitution rate of”l in
6 are worth conS|derat|on. It might by hypothesuZed that vocabulary
d|ff|culty |mposed some stra|n on the reader but that th|s stra|n was
so llght that any approprlate contextual assrstancekavaulable could
:overCome it and permitca workable representation of the meaning to be _

: fdeveloped;‘ ThIS contextual asslstance may have been dlfferentlally
ava|lable in d|fferent passages and at dlfferent p0|nts in a passage.
Hence the |nconS|stent effects; Simllarly, the low rate of substututuon

© . may have resulted in |mportant lnformatlon belno obscured in some cases o
and-not in others. lt,mlght even_be the case that the;appearance of un- .
familiar vocabulary in trivial propositions caused the, students to skip
those and concentrate on more lmportanf proposutlons, resulting not only

in less |nformat|on to be processed but more mnemonscally useful infor-

mation at that. This question is addressed |npthe'fbllQW|ng experiment.’
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Another factor'detractingltrom the clarity of the effects is the
relegation to the error term of variance due to the order in which
passages were‘read. A post_hoo examination of the means indicated
that posttion effects were not trivial. In addition, some interactions
Between vocabulary oiffioulty and position.were suggested. The means
for this effect are presented in Table 4. 'Similarly, variance attri—
butable to the interections of other “nuisance“‘veriables (e.g.;xétory,
grooo,'ooeitionfquuare) Was'oohtained in the error tero in‘thjs analysis,

 ‘probably accounting in part'tor;the eize of that term, particulerlyq
fn-the total recall ehdvdetail recognitioh anajysesi These fectors
are ithUded.in the analyses in the‘following exoer}ment,-

Thus, in an attempt”to examine. the effects of vocabulary dlfflculty
on’ retentlon in a broad stroke manoer, over a large number of school—
’based.comprehensron:tasks, only a Weasore of sentence recognltlon»
'd{sé}eyed a stgnificont effect in”the»preoicted direction. “In>the
fol]owung experument an.attempt W|ll be made to test one, possuble -
explanatlon of the unclear flndlngs—-that is, that;the effegts of ’t_

_diffiéult vocabulary oepend'upon'éome characteristic of théjpropositiong

in which the difficult words appear: : - P

Experiment 2

This expeiiment was desjgned-to test the hyoothesis that -difficult

Qvocabulary appearinonin important propositions in a passage would lead

n
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to significantly lower retention levels than easy vocabulary forms in
which. difficult vocabufary appeared in trivial propositions. The test
formats of the first experiment were retained. The importance level

ofﬂa,proposition was ascertained empirically. Students completed total
! - B

recall, summarization/, .and sentence recognition tasks after- reading each

passage.

, Me thod
Suhjects. Seventy—onevsixth—grade studehts from a'§m511 c}ty in
", centrafrIﬂ]inois'comprfsedfthe=samp]e:) Stanine scores for the students
“were above the natnona] average wnth ]ess than’ average var|at|on. Read}hg '
comprehensnon mean stanloe score was 5 76 (SD 1.85), and‘mean tota]. “

]anguaoe stan|ne score was . 6 0| (SD ] 90)‘

Materlals. Three passages were- selected From® those used |h Experlment
" wh|ch were fe]t by lntuutlon, to have falr]y ‘clear lmportance structures.'
almportance ratlngs for each propos|t|on were ga|ned from a separate, o
equuva]ent samp]e of 30 stxth grade students._ These students were pre-~
‘sented WIth two passages each they read through each passage and then ’
'rated the |mportance of each prop0s|t|on ‘on a three polnt sca]e Next
to each proposxtion were “three boxes, -a ]arge, a medium SIZed, and a
:small box |nd|cat|ng high, moderate, and low |mportance, respectlve]y
Students were |nstructed to read the story carefu]]y, then turn over the

. page and. Judge whether each separate |dea from the story was very important

"sort-of'! important, or not at all |mportant . o

!}/_‘ ) | . i 't. 20 [‘
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These data were scored by awarding.to each proposition a score of
3 for a judgment of high importance, 2 for moderate importance, and |

for low importance. These were summed acrossall subjects, and each

proposi tion was assigned a mean importance rating.. On the basis of
these values, the highest and lowest one-fourth of the proposition were
|dent|f|ed :

The identification of propos|t|ons of h|gh and ]ow importance allowed

\

. the generatlon of three versions of&each passage. An “easy” form of

each passage contained only h|gh frequency words, a'“difficu]t-unimportant“
. , o :
\\\\\\verS|on contalned dlfflcult vocabu]ary substltutlons in each of the low

importance propositions, and a-“diffxcu]t-lmportant“ version contalned

=,

substltutlons in each of the propos|t|ons ranked as highly |mportant
In order to |ncrease the necessarlly lower rate of dufflcult sub-”
strtutlons it was often,the case that more than .one “‘word in each
prOposltlon selected for manlpu]atlon was. changed in the dlfflCU]t
.verS|ons. Th|s was not a]ways posslb]e, and thus the replacement rates y
| of ]ow frequency subst|tut|ons of substance words for the three passages
) were i in 7. 9 9 0, and 9 85. .

Desggn and procedure. Three forms of the three passages were

constructed and arrawged |n ‘a three-order Latin Square. Each ‘student
read one passage in each of the three vocabulary forms. Students were
aSS|gned at’ random to one of the- three rows of the Latin Squares. Order

. of presentat|on was counter ba]anced ‘within each row. All tests were

N

N~
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administered to students in their intact'class groups. Sample sizes
per row were 22, 24, and 25. Instructions, procedures, and scoring

policies were identical to those used in Experiment 1.

Results and Discussion

All two-way interactions were included in the'ana]ysis except for.

the passage x position effect. Position x vocabulary x ability was the

only three-way'effect-fncluded. Variance'attributab]e to higaer-order

effects was relegated to the oooled residual.'uTwo contrasts were

constructed speC|f|cal]y to test the |mportance and vocabu]ary man|pu]a-
NN S
t|ons separate]y Thus, easy vocabu]ary was. contrasted W|th ‘the mean,'

@
t

.on the other two forms Forms W|th d|ff|cu]t vocabu]ary in the important

"

vershs the?Unimportant forms const|tuted the |mportance contrast

v

The part|t|on|ng of variance and sugnlflcance tests for the three

"

-'dependent measures are presented in Tab]e 5. Tab]e 6 contalns the

regression weights and means of interest. -No ma|n or |nteract|on effects

of group were eyident.'vTWijay interactions not included in Table 5 )

1

accounted. for nil variance. The,passage variable:was associated with

a signiffcant proportion'of the variance, as in Experiment.1. The

vocabulary and .importance manipulations are of major interest in this

eXperiment; Tests of the significance of the contrasts are presented "

' separate]y |n both the summa ry tab]e, Table 5, and the tab]es of means,

7

‘Tables 6 and 7
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Free recall. Table S indicates that verbal ability of the students

and the particular passage used are strong predictors. The effects of

———————————— P T o o S Sy S -

Insert Tables 5 and 6 about here.

vocabulary difficulty at various importance levels, however, are not.simp]e,
butAinvo]ve a number of jnteractions.v Essentfa11y, while the main effect
for vocabulary is significant, ioportant interactions were found with
oosition and abi]ftu which prohibit c]ear interpretation of the ﬁa}r
jeffect Thus, |t needs to be concluded that the effects of these leve];
of vocahu]ary d|ff|cu]ty were unc]ear if we ignore for the moment the
]ocatron of that deflcu]ty in the text. D | H
Similarly, effects due to the |mportance mqnnpulatIOn on the free

% recall measure were clouded by an nnteractlon W|th posltlonN" when - _

xd ff|cu]t vocabu]ary Was ]ocated in unumportant proposltlons,lthere?wasu‘
L .

a pronounced advantage for the f|rst posltion over tne other two. Second
and ‘third position performance was close to identical. When d|ff|cu]t
rvocabu]aryrappeared:rn important pr0pos|tJons, there was some increase

; S : : .
in reca1] from.first to second position and a substantial increase from
second.to third.‘uThese-differences are.not"readi]y exolfcab]e.
Sudmaries: The findings were’ciearer for summaries. -1t can be:seen

from Table 5 that the versions‘containing difficult vocabulary~in:unimj
oortant proposntlons ‘led to the students ‘providing much’more adth-lfke

summaries. Th|s clear f|nd|ng is conststent with the not|on that when

a
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the reader encounters an unfamiliar word, he or she usually decfdesvto

ship that word and process whatever is more accessible. When’these

unfamiliar words are in unfmportant propositions in a text, the more

important portions of the text with the more familiar words are processedt

This permits, by hypothesis, a lighter load in terms of length and,

mnemonica]ly, a more useful set of information,.with the main points

more eV|dent When-difficult words are in importantupropositfons; the .
//lnformatlon wh|ch is processed is ]ess llkely to al]ow ‘the generation

of an appr0pr|ate summary | | )

* For each passage |n each form, an analysis was conducted.to.test
whether partlcu]ar proposutlons appeared more in one. vocabu]ary form.
than'another A sngn|f|cant propoS|t|on effect was found for each passageA
(p < .02 for a]] passages) No S|gn|f|cant vocabulary x proposutlon |
effects were found. The mean values of- the students |nc]uS|on rates
for each adult-lhcluded proposntlon ‘are presented in Tab]e 7.

lt is instrUctlve to Specu]ate about the characterlstlcs of those '
proposntlons which were included by adu]ts but not. by the students. ~hln
the first passage,‘“Fuels,” the three proposntions that were more |
con5|stent1y |nc]uded form a close]y knlt sequence: we rely on these
fuels, we are running out of ‘them; (so) we are devnsnng new energy
sources. The rare]y |nc]uded item is stressed equal]y in the passage,

but presumab]y does not relate in the same necessary way to the. recent

testnng of possnb]e new energy sources, ‘the descript10n of which takes
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up much of the passage.‘ That is, the fuels we use have presumably alWays
been as dangerous as they are now. Therefore, this does not explain the
(3 [

recent flurry of experimentation.

The second passage was assocuated with a pattern of summaries whlch

are more dlfflcult to- specu]ate about " The po]]ut[on of the oceans

—_

Zwas‘often nnc]uded, and its apparent close neighbot, the need to stop,

-«

‘was not. A possible exp]anation is that the statements of”the oceanST

|mportaﬂce and of our po]]utlon of the oceans carry the strong |mp]|cat|on .

that the po]]ution‘shou]d stop. Thus,~the students may have‘omltted it

" as. obvious -

The third passage, “Costa Rlca,” contains’a descrnptnon of Costa

'“vaa s ]ocatlon, its d|scovery by Co]umbus, |ts rich agrlcu]tura]

resources, andllts undeveloped riches. The passage conc]udes with a

brief Tist of cOéta Rica's import needs. Students generally did not

.produce a hlgh proportlon of adult- llke summaries. Most,of the passage
is concerned wnth the agrlcu]tura] wea]th of Costa Rlca, and th|s not|on

is the one most Tnc]udedﬁin students summarles. The ]east |nc]uded

r‘@ ?

the undeve]oped resources of Costa Rica," a]so takes up a suzeab]e portlon

of the passage, so. it Is not obV|ous why students would |nc]ude |t less
) A

» often. One characternstlc of students. summarles of thlS third passage.
Was that they tended .to inclqdeTSOme detal]ed |nformat|on.appear|ng.
o o . . , o .

25-:
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earlier in the story. As a literary device, the author of this passage

has described Columbus' discovery of Costa Rica and his frequent meetings

"with go]d-bedecked“lnd[ans in that area.  The author then mentioned that
~ Columbus thought he had arrived in an area of fabulous wealth because

of thé-amount'of.go]d he saw: but that‘the real wea]th of Costa.Rica

is her-soil.. With this twist, the currentdagricu]tura] economy of the

country isfintroduced and then described. Qtudents seemed‘over]Y
.occup|ed with |nc]ud|ng the date of Columbus! arruvalv the fact that it
occurred on h|s ‘fourth trip to the Amerlcas, and other detalls.. On]y
_two of the adu]ts mentloned Columbus at a]],’apparent]y real|2|ng that

his main funct|on in the passage was as an |ntroductory devuce.

fn overvneM, students produced more adult- llke summaries -to those
forms of the passages which conta|ned d|ff|cu]t vocabu]arylln the un-

9

‘lmportant pr0pos|t|ons and less adu]t-]uke summaries when d|ff|cu]t

" words were-p]aced |n.|mportant’proposutlons. Proposutfons var|ed in the'
~*]fke]|hood of their- IﬂC]USIOﬂ by student§ in summarles. An |nterpreta-
Etlon of patterns of |nc]us|on is offered Students summarles d|ffered
1fr0m the adu]ts .summaries in the|r tendencies to focus on partlcu]ar ’

ﬂ;themes in the, text, 'to leave aut0matic fnferences unstated,~and to -in- .

c]ude sa1|ent but structura]]y |ns|gnif|cant deta|]s.

Sentence recognition. The effects of vocabu]ary d|ff|cu1ty and

“importance levels on recognit)on, as |ndgcated»|n Table 5, were agaln uh=
clear., 'Effects were either ih an unpredicted direction (importance} or

- cIoudéd by interactfons with’positjont
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Pfoportions of correct responses té each recognition item in the
pﬁree vocabulary conditions were examined in an effort to identify specific
TVocabulary-related;effects. There were few clear differences related to
vocabulary. Those items' showing such differences, and the values for
éach condition, appear in Table 8. |
All iFems'in the sentence recognition tests related to particular
vocabularyfmghipulafipns. Thus, the explanations of the few: interpretable
differengés that were found must be Yiewéd with the qualification that
many quite strong dif%erenceg in the text were not assoéiated with dif-“
.+ ferences in correct recognition_rate.. S_en_,tence,i_4_i,n,. Table. BM__.S‘hov_v_S.I.MSOY%__._ .
advantage for the easy and difficult-unimportant versions. In both‘of

these versions, the relevant section of the text is:

. . . people began to worry about the fact that all three
fuels would be gone one day. People began to think about

finding new ways to get energy.
This is a superordinate notion in the text, serving to introduce descriptions

'5 of the various '"new ways.' In the difficult-importance form of thefpassbge,

~

the section was transformed into the following:

. . . people universally began to feel consternation about the
prosbect that all three would be depleted one day, People
commenced thinking about devising original techniques for

procuring energy. )
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This high rate of difficult vocabulary probably accounted for the
decrement of performance on the‘difficult—important version.
In contrast, Sentence 2 entafis an advantage for the difficult-

|mportant form. This sentence appeared identica]ly in the easy and

difficult- lmportant forms but was manlpu]ated in the dlfflcu]t unimportant

~form to contain (falling)/descending, (just like)/similar to, and (turn)/
rotate. The performan¢e~on the easy form was poorer than expected, but
the effects seem related to vocabulary difficulty. Sentence 3 displays

an advantage for ﬁhe easy form over the other two. Difficult vocabulary -

wéppeajsuin_ﬁhe_difficu]t—unimportant version for this item (used/harnassed,

griné)pu]verize). In contrast to Sentence 2, this suggests a general
decrement arising from the apgearance of difficult vocabulary in important
probositfbns.

All three recOgniﬁ}on items in Table 8 re]atfng eo ”The Sea'' were
drawn from sections inlehe text in which difficult vocabufary~wes used
in the difficult-unimportant forms. The performance on difficu]t—unimportanf
forms shows a different rﬂlation to perfonnance on the other forms. Since .
.identical wording was used in easy and di fficult-important forms, a |
specific-effects hypothesis wouLd'predict'the resglts fer Sentence 5.
In tne text,.eaey end difficu t?impoftant passages»conteined the propo- .

sition. Most.sea p]ants are tiny. - In the difficult-unimportant form,

the correspondlng sentence reads: The bulk of sea flora are minute.

Similar patterns of text differences obtaln for Sentences 4 and’6, but ._

Y
2
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the‘patter;; of results differ. No explanation ié available for Sentence

L, while a general décrement hypothesis will acéount for the results on

6. 1
S in the:sentence rec09nffioH test for '""Costa Rica," thgre were clear

Qifferences in performancé on two items. Both related to 'sections of

text which contained difficu]t vocabulary in the difficu]t-unimportant

form of the passage. Sentence 7 suggests a possibfe pervasive\éffect

of difficult vocabulary effect in-the di fficult-important form, while
 Sentence 8 indicates a more particular effect (i.e., :in the difficul t-

~unimportant form only), Both pattérns'have occurred sufficiently often
to indicate éhe‘need for both kinds‘of explanations of vocabulary effects
on séntence recogni}ion. It remains for future reéearéh to examine

ﬁore precisely the cdnditions leading to one.or thé other effect.

The dfstinctiqn may be related to the inferabf]ity of a prOpositian,
fisome particu]af aspéct of its import;ncé, or its relationship to highly
\\important propositions. The present data can merely suggest the exiﬁtence

- of both types of effects rathef than explaining the phenomenon.

3

Cne clear cohc]usion is of interest: The match of students'

summaries wégfénhanced by the inclusion of difficult vocabu]ary in

- unimportant propositions. A\paigiT?nious explanation of this result

'is that students did not process many of~the unimportant items, lightening
““the load in terms of length and serving to help them foéus on more
. . : o, e

important items which would be more ‘useful in theiformation of summaries.

29

-
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Some specific findings on the sentence recognition measure support the
Acontention that in the difficult-unimportant condition at least,

di fficult vocabulary was skipped, or; at least, not processed deeply.

The effect‘of difficult vocabulary in important propositions is less
clear. There is ev}dence that the effectogenera]izes in decreasing
retention of other, less .important items. Summa ry scores are rellably o
low, and on particu]ar.items'in the sentence recognition task, propo--
sitions in the text that were identical to those in the easy condition

of the text were associated with substantially poorer performance.

o N

General Discussion

It takes a surprisingly high proportion of difficult vocabu]ary
items to create reljable decrements in performance on these measures
of comprehension. -Only when one substance wbrd'in three was changed to

a.. low-frequency synonym. did performance deteriorate reliably across the

passages used in Experiment 1. 'There are a number of possib]e exp]anatlons.

s

‘The two maJor contenders are, flrst, that\the measures used were not

~—
e

second, that normal text is so redundant that some worklng hypotheses -~
about the meaning of the text can be developed and ma|ntained even when
there are many unfamillar words, and moreover, that these hypotheses are
usually quute accurate. These factors could a]so be working in combina-

¥

tion. That is, students may have been able to construct partia] reca]ls

"based on inferencés fraom those aspects of the texts they did comp rehend,



. Difficult Vocabulary and Text Comprehension

28

a;d these may bavevbeen suf%iéient to level ﬁerformance on these measufes.
Thts suggéstion is feinforced by fhe fact that a significant effect for
vocabularyldifficu]ty was found only on the sentence recognition measure.
A-parsimonious gxplanation of vocabulary effects is that rather
,thap spending cognitive effort atpempfing to hybothesize about the
#meanings of unfamiliar words, a; a model based on'Rumelhaft (1977) would
suggest, the reader simply skips the unfamiliar word and procéeds. Then,
at the point of being tested, he or she reconstructs a digest from -
Hpéfffaf:héﬁory of the passagg.and;from gehera] knowledge, or ‘tests
assertions in a probabf]istic fasthn. That is, it.may be that at_tﬁe
point of compreheﬁsion the reader‘attempts to commit as little effort
as pégsible to the proposition-by-proposition eﬂédﬁTnQ'o% the text.
K rare word is a clear signal to the reader that effort Will be needed
| to interpret the proposition. By this "minimum effort'principle,v the
;feader Qi]l avoid deep brocessing.of such words as much as ‘possible,
wi thout. loss of the main themes of fhe passage.
The signaling value of';are words iS'hiéh.' Although no data are
avaiiab]e; it fs'prdbab]y thg case that in natura]ly.otcurring prose the
frequeﬁcy bf'words tﬁét are aném}tiar tous in a passaée helps us prédict

“ that tHe overall theme will be1u;fami]iar and that the syntactic compjekipy
of the passage"may'bgvgreater than we'are'Used;to. ft may also be the
case that, particularly for échoo] texts, writers'dofnot use rare.words
trivially, fn'péripherél pfopositioﬁs, whose meaning§ cannot be con-

* structed from elsewhere in the text. |f these hfpotheses are accurate,

31
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‘then the appearance of rare words infprms the reader first that the
passage wfli be unfamiliar and difficqu to process, and second, that,
with luck, the informatidn contafned in the rare words-wi]] be avai]ab]e,
in a more acceSS|b1e form, e]sewhere in the text. Consequent]y, effort
may'not be expended wnth the onset” of each unfamlliar word ln_fact,
the sa]lence of unfamiliar words may cause the reader to sk|p such words
or even whole propositions containing such words which are judged, on
some other grounds, t6 be difficuit or not‘vital_tolthe progress_of the
theme. Thege are conjectures which require tesfing.

| The *minimum effort princip]e“ would predict'ghat‘the presenee of
difffcu]t words in important propositions would result in substantia]
]psses at the point of comprehension. The reader would either skim
over important information or-need to expend effort hypothesizing about
the meanings of unfamiliar'nords , When difficu]t vocabulary is encountered
in trivial proposlttons in the passage, little effort would be expended
ccmputlng word meanlngs and llttle d|srupt|on would ensue. This effeet
is demonstrated on’ summarnzatlon measures only The presence of
dlfflCU]t vocabulary in_any proposltlon hed s;gnificant effects on recall,
hinting at a‘genefa]ized disruptiqn.'-

The assertion tpet Famj]iarit& of vocabd]ary affects comprehension

is a truism in-tne'boundary condipion: When we read a fext in an un-
| familiar'forejgn landUage;'our lack of knowledgé of the words hes alarming

effects on our comprehension. The issue of the effects of some unfamiliar
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words'inipassagés written in the reader's native tongue is not so clear.
It has been shown that'a surprisingly Higﬁibroportion of uhfémi]iar
words is needed before a reliable effect on producf méasures:of cohpre-
" hension is evident, and that the presence of difficult vocabulary in
propositions of varying levels df Tmportanée.has.equivoca] effects.

The exceptioﬁ to the ]étter finding is that difffcu]t vocabulary in
trivia] propositions leads to more adult-like summarization than does”
difficult vocabulary in_ important: propositions. It remains for~furtﬁer
research to examine vocabulary effects on on-line procéss measures and
corre]étes of comprehension, and to papticu}arize thosé focal and
global aspéEts of texts whiéﬁ facilltate hypotheses about the meanfngs

of unfamiliar words.
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Reprints and coples of the passages used in these experiments are.
available from the first author, Centre for Behavidura] Studies in

lEducafloﬁ, University of'New England, Afmidale, N.S.W., Australia 2351.
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Table |

| Partitioning of Variance and Significance Tests for Al Dependent Measures (Experiment 1)

Detai |

Total - MAresin Main  Total
Solce | i Recall * Summary Recognition  Recognition Recognition
yVar F GVer P %lar F o Bl F o RV F
| - Between
Mility | 1776 16695 1112 11,185 13,82 13,80t oh,06 23.56k% 25,66 27.52%4
broup 8 gk < 169 2.2 15.3% 192 ¢ 660 - 9.8 1.28
Square ) hes 209 bS5 209 b 18 % a2 133
Frror 67 7121 - 66.6h - 6708 - 0836 - 62,47 --
Within
Passage 81069 176 1622 2.9% 809 1.29 2220 L3 19.45 3.65M
Yocabulary AT R U N A B R 2 2,63 3,94k
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Pagsage x Mbility . 8 153 < 100 < 58« 110« g5«
 Vocabulary x Group B .59 < Lb < 05« od 9«
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agjg) indicates the proportion of total variance attributable to betwéen-subjects effects. -
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| ‘- Table 2
Regression Veights (B) and Means for Ability and Vocabulary

Effects on All Dependent Measures (Experiment 1)

I .

R d&ll' Arcsine  Detajl Main Total
¥ P (Sumary) Recognition/6  Recognition/4 Recognition/10
Aoility (Regression ‘J - - |
weights [8]) . Labke 05k o 0k 3Tk b
~Vocabulary (Heans) !
sy S .9 A% T JAL
Chediom ¢, b0 ST R I IR X ‘67
Di fficult B IERE ) B ] w4 bl
*;5_<.05,
kp < .01
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Table 3
Mean ‘Number ofAPropositions Recalled
for the Nine Passdages Used in Experiment 1,

for Three Levels. of Vocabulary Difficulty

Vocabulary Level

Passage -
Easy: Medium Difficult

Supermarket 6.75 8.80 .57
The Sea w7 b6 '3.30
Costa Rica 6.20 4.7 5.38
Sing-Sing 4.50 3.70 3.13
Horseshoes 4.8 6.50 4.50
Fuels 6.50 3.38. 5.50
Sweden 5.10 3.25 1.90
Huta 6.00  .-5.70  5.00°
Trade Laws. ' 2.80 3.66“ 3.06
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Table 4
Mean Number of Propdsitions Recalled
for Three Levels of Vocabulary Difficulty and

Three Positions (Experiment 1)

‘ ‘ ‘ 'Vocabu]ary
Position ~ , : : '
: R Easy Medium . _ Difficult
Ist | .76 5.43 413
2nd - T 4,77 5.12 Sh.69

3rd ' : , 4,83 3.46 3.04

Note: N's per cell vary from 28 to 32.
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Table 5

Partitioning of Variance and Significance Tests for, Three Heasures of Retention (Experinent 2]

Total Recall  , Summéry . | Recognition
Source d Percentage of : Percentage of Percentage of o
Variance - Variance - Variance -
| Between :
iy ! \\ Boh b0 1657 13,508 .06 1780
 Growp 1N d il < il d
Residual g G -~ B - B e
ST © Mithin |
Passage b g 6; L6t 1885 1936w
fosition RSN I 1o N I B P R
Vocabulary Contrast 1 5.85 14, 66%x S 1.35 96 2.4
~ Inportance Contrast il Bl 3 .00 200 - 2601 b. 5k
Vocabulary x Passage 2 2,01 2.5 g3« 53 | <l |
Vocabulary x Position 2107713508 L6 a1k 1.60¢
Importance X Passage 2 .93 117 57 < 8 " "o
nportance x Position 2 1LIh1s.2m 220 13D oo
4
i A

ERIC 44
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Table 5 (continued)

Partitioning of Variance and Significance Tests for Three Heasures of Retention (EXpepiment 2)

Total Recal - Summary ‘ Recogni tion
Source i Percentage of ¢ Percentage of : Percentage 6f |
., Varlance = Variance - Variance.. -
Betweeﬁ
Ability X Passage 2 2,84 3.56% 303 - 2,09 B |
~ bility xPosition - 2 1,97 /LI T, 10 ke
ocabulary x fbility 1 2,17 M09 ca 1,54
« Importance x Miliy 1 .03 <| T S 22 <l
| broup x Passage b 98 29 | _' 2,54 1,30
""" Group x Position b5 <]  . 309 103 1.8k |
Positibn.x,Vocabulary . | :
- x Ability 2 18] 2.2] 32 <] 2,66 2.73
Position x Importance | L
x Ability 2 2.9 3.1 .38 <l .08 q
Res dual 0h 41,50 S (X I Y o
?(3) g0 My 1876
o5

f6 <0

Aruitoxt provided by Eic:
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Table 6
Regression Weights (B) and Means for Significant Effects

and Effects of Interest (Experiment 2)

;ZE:}W Summéry 'Rec;gnitibn
_ ' , Ability.
Regression Weights (B) ' 1.12% 10 .03%%
| Vocabulary
Easy. ) 6.96%* 1.00 .69
DI Fficult ; © 579 - . =91 .67
Impqrtance
Di fficult-Unimportant 5.90 1.13%% .65%

Di Fficult=-Important | ) «5.68 - .69 .69

. Vocabulary x Position

Easy

. Position _ L :
Ist 6.63%% 1.00 .6 8%k

2nd - ' . 8.86 ~  1.24 77
3rd - 5.73 .81 .63
\ "'
' Difficu]t
Position E
Ist “6.11 - .96 - .68
 2nd . : 5,26 .92 .66
] 3rd N 6.0l .8l .67

18
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Table 6 (continued) {e
Regression'Weights (B) and Means for Significant Effects

and Effects of Interest (Experiment 2)

Total

Summar Reco nitioﬁ
Recall _ Y J

" Importance x Position

:, Difficult-Unimportant

Position . . : .
Ist S 7.6L%%  1.36 .67
| and 5.20 . 1.20. .63
. 3rd , 5.04 .92 65 .

Difficult-Important

Position :
Ist o o h76 .60 .70
2nd - 5.32 .72 .68

3rd . 7.19 .76 .69

Note: Unless otherwise indicated, values given represent means.
*E_<';o5
*%p <. .01 .

49
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‘Table 7

Mean 'Inclusion Rates for Propositions in Summaries (Experiment 2)

Proposition . ~ plinclusion)
"Fuels'
1. We rely on fue]s‘such'as petro]éum etc. .197
2. These are dangerous to the environment g .09§
3. We are running out ' .366

\

L. People are trying to devise new sources
(e.g., windmills etc.) . - . 394

“'Sea“ :

1. The sea is_Vast and important .268

" 2. YIts animals and plants (are vital in the life

‘system) . : .296
"3. It is being polluted ‘ | | : .408
L. People are attempting to stop this .057

I"Costa Rica'

1. Costa Rica is in<Cent}él America . i ' A4
2. It has fertile soil, and thus a farm economy - .296 .
3. It exports certain products (e.g., sugar and coffee) .183

y. 1t has undeveloped resources . ' .085

o0




P—ek

Table &
Selected Items From the Sentence Recognition Test

Showing Differences Related to Vocabulary (Experiment 2)

p(correct)
ten . " Difficult i Difficult in
Y Unimportant Important
"Fuels"
. People began to worry about new ways to get o |
energy, | | .9 B 2
2. Falling water, jdst ke wind, can cause | -
blades to turn, J9 R 1.00
3. Mindnills have been used to crush:grainQ 8B 58 b4
"The Seq"
b, Vater Is evaporated only once from the sea. - .67 - .79 .9
5. Most sea plants are very small, | .63 38 L83 z
6. Wastes began show1ng up in the flesh of sea | \
anlmals - | ) .58 SN
"(osta Ricaﬁ
7. Lumberlng s a very 5|gn|f|cant industry i in o
Costa Rica. | 88 58 58
8. Columbus traveled along the: country 's Atlant|c o |
~ shore. | PR/ Ry, | J
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